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[Fig. 1] 
1: MM I 

2: input waveguide 
3: output waveguide 
101: semiconductor substrate 
102: waveguide core layer 
103: cladding layer 
L: length of device 
tg: thickness of core (position z) 
tgi : th i ckness of core 
tgo: thickness of core 
Wi : width of input waveguide 
Wo: width of output waveguide 
Wgi : width of a side of optical input of MM 1 
Wgo: width of a side of MMI's optical output 
Wg(z) 
d i 1 — 3 
dol-3 



width of MMI (position z) 
intervals of input waveguides 
intervals of output waveguides 



[Fig. 2] 
1* Xfft : X-ax i s 
^ N Zfft: Z-axis 
S.Tt&jg: light intensity 



mi ] 



[02] 




<b) 




1 : MM I 
2 : A*aS»» 

3 : 



101 : 
102 : 3 
103: KM 



t gCz) : aT®«4*z) 
tgi: arm 

t go ' 3 Tff 

W i : A^J*»»o« 

Wo: 

Wgi: MM I #A2H»G>*i 
Wso: MM 1 1tmtiiMoVi 
Ws(z):MMig5©S(ttSz) 




40 /Mf 20 10 

* x-*i (u*> 

I 
1 



0.0 
0 



^-x(1) 



Searching PA J 



1 /2 S? 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 10-090537 
(43)Date of publication of application : 10.04.1998 



.'. f Wf •/v.Wrr.' '.v,V' l v».'Wc»»™. , 'irt.v»'.- 



V . ■ /.-.V W.-i '.W / .'.".W.W. Vrf-. i ■ .\--" . V 



(51)Int.CI. 



G02B 6/122 



(21 Application number : 08-242952 



(22)Date of filing : 



13.09.1996 



(71 Applicant : NIPPON TELEGR & TELEPH CORP 

<NTT> 

(72)Inventor : MITOMI OSAMU 

SHIBATA YASUO 
OKU SATORU 
YOSHIMOTO NAOTO 
KAWAGUCHI NOBUHIRO 



(54) OPTICAL MULTIPLEXER/DEMULTIPLEXER CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a small-sized 
optical multiplexer/demultiplexer circuit capable of 
converting a spot size of waveguide light with a low loss 
and constituting in a short device-length. 
SOLUTION: In a multi-mode interference waveguide 
(MMI1) provided with an input waveguide 2 of at least 
one part or more and an output waveguide 3 of at least 
one part or more, the widths of the input/output 
waveguides 2, 3 are changed in a tapered shape toward 
the light propagative direction. Further, the width of the 
MMI1 is changed in an input part, a middle part and an 
output part. Further, the ratio between the widths of the 
input/output waveguides 2, 3 is changed from the same 
of the waveguide widths of the input/output sides of the 
MMI1 . Further, effective thicknesses or refractive 
indexes of a waveguide core layer 102 are changed. 





LEGAL STATUS 

[Date of request for examination] 24.01 .2001 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiners decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 3434986 

[Date of registration] 30.05.2003 

[Number of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 



http://www1 9.ipdl.ncipi.go jp/PA1 /result/detail/main/wAAA_5aOvyDA41 0090537... 2005/08/31 



Searching PAJ 

[Date of extinction of right] 



2/2 /<— v 



Copyright (C); 1 998,2003 Japan Patent Office 



http://www1 9.ipdi.ncipi.go jp/PA1 /result/detail/main/wAAA_5aOvyDA41 0090537... 2005/08/31 



(19)B#H#fF/f (JP) 



< 12 > t& M I* & # (A) 



(ll)ttfftfW£H*<f 





5pl0 - 90537 



(43)&HB ¥$10^(1998) 4 /HOB 



(51) IntCl. 8 
G 0 2 B 6/122 



F I 

G 0 2 B 6/12 



D 



R»2fc3i©i&5 OL (4 7 1) 



(21){ilM#-^ 



(22)ffiiSB 



4$K¥8 -242952 



¥^8^(1996) 9 M 13 B 



(71)ffliaA 000004226 



«]S3K*f1tElSff«HT a 19S 2 ^ 
SOsC&SrWKEffltHTS 19# 2 ^ 

mmwm mm 



B* 



B# 



(74)ftgA 5ffS± <f*f jfetKl 



(54) istmozwi ft&ft$mm 



(57) 



^gNSSSSS (MM I 1) teaser, AW^J«?sa82, 3 

fc, naa»©e*A*ffl. ^rass. a^u-cMM 1 1 © 

i> MMI l©Aai*W©^!§ifl©i:b*i*M^6if 

s/c« m-m&^rm 1 0 2 ©hs&wjps , t>i/<» 





1 : MM I 

3 : mxm*R 

101 

ioz:*a»3Tl 
103 : vm 



L : 7X4 7.R 

t gCz) : =i7P«±«z) 

t g i : 3?J» 

t s o : =70 

W i : AASttKoM 

Wo: W*3I«B©« 

We i : MM I 3tAA«©*l 

Wgo: MM I JfeH^flJcoW 

wg(z):MMlS©B(eSz) 

d i 1 ~3 : AA*8B©MH 

do1~3:ffl?]*aB©™H 



C2) 



10-90537 



ie*g©^^-«ii8S 0 10 

[ff*3l3 ] _hfB^*~ FT$^gSS©4ifig8l$©>SM 
Sfc< LtcmZWtikt-? Sff5Rra 1 £fc»2 tcfBl&©7n£- 
[W3J3I4] ilB^A^tcA^iSiES^ffi^iiaTfem 

t}mcmtimm.^m^x . iiaA^^M©*! (w 

1 ) i±IBtfi*^3S<DiPs (W o ) ©i£W i/Woi, 
_hlB^- FT^^88©±iB^A;>JflW©««3S©ilI 

(Wg i ) i±IB^ffl^ffliJcD^SS©Hig (Wgo) ©rt 

wg i/wg o ti)mt£2>z±*mk£-?&nmmi , 20 

2 £ fc« 3 tCfBtB 0 fc^^HSSo 

3, feL<««W*©A£§£, TftafcfrfttCfa^oT 

3 £ fc« 4 iCiBtg^^^iSlElSS,, 
[^©pfflfci^] 

[0 0 0 1 ] 
[0002] 

[^*©S*J] ftX-T^. $>^.^tt«m©¥*f*l^- 
1f £V F ( L D ) #>6©#i&£4>& <thl *JW± 
©«^K^*7 t ^tt^fei. £ i £ fcfetc , 

difWWBSKFfc'ttA:**- FTSNKftK C«T, MM I 
(Multi-Mode Interferometer) iffr^] 3&5&<£>„ c© 
#&MM I tC^Sft^Mfg^ *©ffiS3fctt*>«fe 40 

o 

[0 00 3) 11 0 »fi£3fe©MM IiCct S 2 x 2 

^^©a^^^-rn-e, (a) ttMfm, (b) 

»±®0-C*-5„ HtC^J:5tt. 0 0 1 

±tc, ^<gB§3T® 1 00 24*7? FJB 1 0 0 3 t fc 
iWMI l3&J«fS3ti. A;tt£4 afMiC2fl©A*^ 



S(cJ;-dT*I*I v FB 1 0 0 3 ) 
WJHtcttfeiit? J: 5 {cflftfc t/TT AtH^^SS 2 , 

3«, mm i i tew?'; Ftcim $ft-s#>, 
wpu < i iooi *#kmLms y ^ » 

^^^gi5©^ss©^^4imcA#$©x^? b-y-r 

X^SiSiioWS. Wttf, iftSl. 55m 
m^©^7fc©«^ 1 0 0 1 t i> 5 

"V FB 1 0 0 3 iCB I n Pi>K mW$B^Tm 1 0 02K 
UlnGaAsP, Ui'v ^fcSMSSftS 

X (4^S) 54. 0. 1 nim~2 tfrnSflCKft-SA: 

fete, A2Jsg?&B&2©*IW i ( = Wo) =0. 5-3 u 
m, MM I l©ij®Wg = 5~2 0 <um, Wm&^TMl 
002O37ltg = 0. l~UmggOA*^S 
MM I 1©!S^- h-**fSilS-r-2>fcfe 
tc. Hi o ©2X2 (A^txffl^) «teS©36£#iffi 
HISg©*§#. AA*8Sl»2<Dfi[jBBm«d 1 = d 2 = 
d 3 =¥g/3©i«tSfSna. 
[0 0 0 4] 

*©^2gf£MM I ©#G#a«i8KC*«r»TH:. AW^Ji 
2. 3». ^<©«^*7 7^^*l>Wi*7Xi 

are, ffitmoaRRKissttsn*. am, 

^t**l»tt*7^»»JS<0*«96XiJ«7 MMX»5 m 
migfltr ab 0 , ^ft^S§©X # 9 Mr X «fc 9 8MB 
A^^/cfetc. M*©*jSSS^-eoi^*fi^<«:54A 

m « U > X* a t, > « X # •» Mf ^ x^^-sss 

d B eu^t* « i t,> 5 X&1fi9> o fc. 
[000 5] Am*^SS2 , 3 ©iflW i, Wo 

^A#<LTMMI 1 ZMf&V £ 5 t-T & t . MM I© 
fgJI^tt, fg*OX h-*14©flj^6, MM I 1©*I 

MM I 1©S3L«, JiaWtcitilWgtC^br, 
[0 0 0 6 ] 

[»1 ] L=C • n e • Wg 2 /A„ ( 1 ) 

(CCt, C : n e : 3Tjl©®Sf*, A 0 : ^iS 

*©iSS) ©M#^*-5©-C, Wg£A#<-r-Stcl,fc 
ASoT, Ltt^t<*<>fef3, ^7>iSlHlS§^A^tc^ 
■SWJBWftofc. mmtc. Affl*afi6»2. 3©^fe^ 
j^Kfl A €.^*©7n^^iaS§-Ctt, -r'M- ^ x»f^H# 

P., Affi^^8S2, 3©ifiWi. Wo, ^SSSWBd 
45«*iJR5tc:/hS < ttffl*ftl». htcifiiX. ftm&tf%> 

MM I 1 ©itIWg*A^<-r-5^S^ 



3 

D. CftK:#oT. MM I l©fv"WXSL&S<&-5 

[0007] #mwiz±M<Dwm&M®& Zfc&fcti: $ 
*ifc&©-r. SMS*©*** h X£Mt^r*«-e 

[0 0 0 8] 

[i$jg£S?&-r£/c8&©^K] c©sw*itjarr*fc 

il>!&< ife— IBffetio^HiAW*^*^*- 

[0 00 9] Sfc. ±§B#*- KT«Mfil8B©36tii;&ffl 
jftKIBi lift S*S $ rfftl&T a . 

[0010] ±IB^*- F Wf$fss©4irasis© 

anOMte - ±f B*A*ffl'Jfc J: E>*±fB^A*WJ©^«8§ 
[0 0 1 1 ] ±E*A*aJKA^KRB*ffit»± 

mtmt)&ticmt)mm8zmi>'c . ±i2A^««sg©e 

(W i ) i±l2fcU*«^S§©fI (Wo ) ©JtW i /Wo 
£. _hsB^*r- F=F*^i?§©±IB^A^ffliJ©*^S§© 
4§ (Wg i ) i_hlB*tll^ffliJ©#igS§©iPi (Wgo) © 
itWg i /Wg oi^etS. 

[0012] ±ta^- FT$M*igsg©=>7©x 

[0013] 

<D9m<D&m*7r;-rm-C. (a) tt£f«ff&©£41»B> 
(b) ti±lHT*5. B{C7jVr<fc5&C. ^<*a«i 

0 1 ±CC. zgjgSSa TIB 102i. FJB1 03i 
tcj:!). MM I l*s«RR3ft. ^AfrSBiLT. 2ffi^f 
KA2)S*$fiK 2 4881*. . ^W^gPiL-r, 2fll0fCcHi 

tajimmM 3 commix . iwksmmi liisiDti 

iflWg i . nT/Pt g i ©^1£ife6WcMW^^3tx 
■5, *fc. MM I 1 ©36tH*Wit?tt. tftfj«©*jj<y F 
lMX&c^:fo-ti&J:Mt. m**igS§3©itMWo, MM 

1 *£B;WJ©iPsW g o . 37Jitgo &&M£tl2>. C 

ecu. 3txt)M t ttm v xytmmi<Dmm^t<D 

F*MX*ifcrt:OTI,>£*B^*S*LTl».&. tl (xW) 
3£f[fiJ©X5i<? h-iMXK, MM I l©llWg (z) 



(3) #W¥ 1 0 -9 0 5 37 

4 

■en 6 ©a^t>-a-c & <t: i >„ 

[0 0 1 4] Si (ytt) -fi&KDX&v Mf//«. 37 
Jit g (z) *zil2fGn?ffc*K:?i< L-C^ln]©^ 

isn oaa>3ft**si < -r* c <t k <t -^t&aut 

2»$?Sg3 71102 ©JS#»©A£ $ (C/jNg < r 

io *SC»{*^JB]R«lfiS®rtCD— «©Jl©K*lft* 

Kiftj&S5?ffi«:j:ot:ie»WK*i6lS=irJB 10 2©1 
S*3Wb§-£. «*[5i©Bm;ii*«fc»*ii«!>*«JSK:u 
rfe«fci». iBc. nr/ltg (z) £<#g&x# 

[0015] Am^^SS2. 3CDffiBtCol>rtt. ft 
^jg0»©ia*HR£ • * n * F - * 3 < fc £ <fc 3 
(efltoSSti*. Witf^A^fflJtBd i 1 = d i 2 = d 
i 3 =Wg i/3. 7fem*ffl'J-C«d o l = do2 = do 
20 3=Wg o/3gK©A*S{c&-SffiStc^Tn«J: 
m fc/ct-. C©«^KfigK#©*K$U^3nSfe© 

10 1. ?7?F110 3 (Col»TB. ffitB3&cf£ 

[0016]H2tt. MMI 1 rt**»E}l&3&se»-r*« 
ffe^L fcHt?» 1 . 5 5m m#©^«7fe© 2X2 

CCT, ^f**S 10 1. ?77l*il03ib-CI 
nP*. »®S§=iTJl 1 0 2«C I nGaA s P*ffll». 
*A^7ffliJ-C«W i = 2 um, Wg i = 1 2 ixm, t g i 
= 0. 3 Mm<t U *lUAlTttWo = 8tfm. Wgo 
= 48ym. tgoSO. 1 ymtttteO. 

g§ 3 ©* aj« ? f -9- a xsif©*^ r ^* t mt mms. 

©A#3{c^-5J:^«:«jS§nTt^„ z = 0©ffig 
«. MMI l©*AS*WK:ffiSr*. HCc^-r<fc^ilc, 
Alt^BMM I lrtr*^^(Cj£A2n. 7fefA^In|©fiS[g 

40 z=^jo. 8mm<Dffimxmmt<D%smte2frm2ti 

rtiS. C©B$. fit (x#) ^(nJ©X^^ hVJXSasi 
^»^4^«:&-3T*5«3 > MMI l©^SStlib (Wg 
o/Wg i ) . Affi^rSg§2, 3©itl£b (Wo/W 

i) (cfcJ:^f6-r^ci*^*>-S„ U/c*s^r. MA 

ol=do2 = do3 =Wg o/3 ) ©fiBfcK^ti 
«. jj< vYVA XgESMWfitf 2X2 Tfe^ig 

[0017] ±3i©J;^ic. ^Bj(c*jL^r«. TIB® 
50 ~0©«ttJSCB*3Wffl-r**K: cfc ^til*^W/0 



(4) 



# 5B¥ 1 0 -9 0 5 3 7 



[0018] ®MM I 1 fitlS^nSSt- F©x 

^tojcDA^stt. mm i i<Dffifi\tnmc&ibMm-tfijz% 

MM I lOfiWg (z) <fcHffl5ID;*:#3 
tO 0 1 9 ] ©MM I lCDitiWg (z ) feL/<»3TJ? 

t s (z) **©ait)Ensi (z«) t-f-A-ttKit, 

ttS. ft*. SSttfl^I (ytt) ©*- F©As*3«, * 
$?S§=iTB 1 0 2 ©J3JJr*©A# $ * z W^ISJT^* (C 

[0 02 0] ®MM I lOSfftf^-Z^SLB, 
WSfift&OttWs (z) icMLTWg (z) 'fcJtWT 

Wg ( z ) =Wg i + (Wg o - 

^-£aiC*tLT. a = 1 tt^w^B^R©*B£*> 
a = 2 a^-^J&^J^©^*^. aK^-Tct 5 
ic, «3t©:f>iVXgUi, MM I ^A^ffliJ©^8S*S 
Wg i < t4g, ifcftt/<7^aiW< 

fc, AfctS2J2lM2. 3H©jlljM!H£6 > MM I 1£» 

<fc\ MM I l©dWg (z) a^tt^lSj^ifg-^JC^ft 
■5. 

[0023] H4«, 2S»WK:<fcS2x2*^?SagK 

©fl&©n*©j£jifcfc^-r±Eia'c**. mm 1 1 

(zMt) KMLr**HW«Jt*ior*jO. MM II© 

ifiWg (z) l*^~/*jffi)ilcJ:-o~c&*iic&tf-?x^ 

Z>. C(Dm^h. MM I lec^SftS^KftKfW* 
[0 0241 I5K, #*9J«t «fc S 2 x 1 

©HJto^si^^-rifflH-c*^. HK^VrjcMC, M 

M I A#ffl'J©fIW g i %SSL,K»-SK^, £1*3 
©S$ L 2 ©MJS'&T'-^-ff^C&A-L-C^^o 
[ 0 0 2 5 ] H 6 ». *#6W«:«fc 4 2 x 1 36£#jftEIK 

©A&©iiS6©j&j8&&^-r±HH-cs>s. mmi 1©*^ 

£©*MWg (z) £Aaj*gP©ifa<}:9$K-f SCiici 
oT, f^V-^KL ( = L 3 + L 4 ) *ffl#Wic,fc»)g< 
■rSJWniJflBittS. A2JJ*iffiK2a, 2 b, m 

#*il8B3©flHfi*Wi =Wo. Wgi=Wgo£IHG 

(cu-ck, mmi lotpfflttiafc^WKSK-ract 

©»^ A^*Sa»2tt. *J<fc*d i 1 = d i 3 = Wg 
i/4, d i 2 = Wg i /2©ffigtCf£St- fttf <£l>„ 



[0 0 2 6] 0 7 «. J; 2.1X8 



*2>fflmi$>&. C<DJXmW8l>X* MMI 1|*J©JI8& 

W«vS?§©ip§Wg (z) **<T*c£«:j:oT^/<>f 

[0 02 1 ] 13(1 A*»^S§ 2 ©HaW i . MMI A 
^jW©itsWg i V&tr&F'U XSLiSWJS^ (HI* 

0 1 ©HJS^^Cfel^-C, 3teffi*ffllJ-C»7fe7 r -Y^'i 

fcsbK: Wo = 8 (im, Wg o = 4 8 
MDiilt, A2j*HK18 2 ©«W i . MM I 3feA*WJ© 
10 fiWg i W§2X 2%&ftW.m&<D<f*J7>&L£ 
(a*HR*+*S«i*) ©H«*^r. CC-C, MM I 
l©i|iiWg (z ) «. 
[0 0 2 2 ] 
* [»2] 

Wg i ) • (z/L) a (2) 

ommmzmz^-r ±wmx&z> a ##693©Mffl£fflt> 

t, AtH*^S8S2. 3©Wi, Wo, do«MI 1 
©Wgi. Wgm. Wg o^©*#££3iW&A-#i*{c 

tsu zf^tMMi i©fligwg (z) /*k 

[0027] h 8 «. mi (ommm^c^x , w i 

=Wo = 2 vm, Wg o = 3 2 Mm. do = 4/imil 
T, MMI l©iSWg (z) ^igi^-f-w^CCUfcNF. 

1 x 8^^@3S©MM I A*ffl'i©itSWg i 

Wg i = 3 2 u m©#ttttgE3fe©fc|^T* 3*^ 

H(c^-r«fc^fc, Wg i£#K"3-&c£ic<£-?T, ji)H 
30 [ 0 0 2 8 ] m 9 5*, ^SWK J: S^fe^-ifiHK©*© 

m<Dmm<D : &m*m-r±mmx$>& 0 c©*s-£. mmi 

1 ^©A*aRRK»i83e , e"3*K . ^77^^904^ 

mi i©36A*^»H«:iegyiae^*i-3rL»&. 

T9 0 5 ©^@i|3Jig,K©A-# §{£&£©-?, C©A# 

tbWo/W i ©*S3fCb*iJ:-£^-e£«fc$teMM I 
l©it§J:bWg o/Wg i 4g£fft«J:^. 

40 [0 02 9] %*j*^K:*jt^r. c©tb©A*3Wo 
/WiKSLt, Wgo/Wg i *^ofc^:*3tc-r 
r&to'fe. Wg i *>Ly<»Wg o*<fcO»< UT t 

[0 03 0 ] ±IB©H 4 ~ 9 tc^ LfcHS6©^ll«, A 
Iii*^gg©iPs©I:bW i /W o ©A# $ i , MMI 1 © 
3feAffi*SP©*ieSSifIJ:kWg i /Wg o©A*$iS^c 

50 [0 0 3 1 ] UtiCI^B^-rii, 1.55 (imS©! 



7 

mt-C. i»S§37l 1 0 2©Wlil-C 1 nGaA s 
P, ymfomfc 1 0 1 teJcD^^ v FJS 1 0 3(C I n P 

2S$$g3TJi 10 2 4 LT. -t^'J ~> ficm 

tizmmf^j xgpn r©ft^4 pi d*»3*4 or & 

^tKi-3tW<, 42,^BMQW (Multiple 
QuantutiWelD ^^^cD^SM^jS^ 4 -^t^J:^ M 
MI l*jJ;U t AW^iftiS2. 3©MI2§|S(cot,i-r«, 

fc. 2S«W44L,T, *7^. 53t^©«i}ltt£k # 

a s K^Fowaw**. l i n b o 3 mommmmm 

[0 03 2] ft*?. ±ia©^-C», MM I 1 (DXliiJl 20 

m i i ©AttJ^ispicfao^^fiSBS^^'f x^^-n^en© 

ht-IXK^tSJ;^, MM I l©fl|jg-WS 

[0033] *fc> ±fe©i&Bjt:«, #— jsso^aofc 

*B(»)a5mXn3fc^iR|BIIK©*B#*^U/t*s. Ctl 
jy^{C, 1. 5/imSWft< 30 

4 *> 2 -o^KDiftOii**® Ot^mxn 3fe£#?ffi 
@B«c#f&W*5MJ8t?S*. mtf. H6©<fc9&«JiS 
(c*s^r, f;<^fiL ( = L, + L 4 ) *aS&S3Cc 
R^Ttitf. — *©A**»BS2 a*>61. 3/im©| 
4> e»— #© AJimWm 2 b *> 6 1 . 5(i m©^ 

©s*ifc#*tffc&s-&sc£a*css. a»Ka^»«BS3 

1. 3 Mm*5<fct>*l . 5 *im©»SBt*AStrS 
4. A2ja*?&B&2a, 2b#>6 1. 3//mfcJ;^l. 5 
Mm©«?g*^ilL'Ta^3-tf-SC43&s-C#-5„ C© 40 

SKisj&rntfv 3*«Bfc©*#* hv-jzizasrcis 

■So Sfc. MM I 1 ©^^©tiWg (z) ^-^tK 
CC$ffl<-r-5C4(Cj;-?T, f^V^fiL^i<tl>Ci 

[0 034] 

fri&mmcte^xu, MM I ©ifi&^-AtKfc^ftS 

^igss©ifi^^A*f»J4. *uj^wra:{b3-a*c 

4 K J: 0 . SHSB6© Ft-fX?; ffiHBfcrSSftr # 50 



<WM¥ 1 0-90 5 3 7 
8 

-S4SiC, ^^Xfi4S<i^-C*> **©#£#« 

[0 0 3 5 ] MM I ©ifi|aiaJ©iififiK«*. ftA 

*flj*$«fc CJ t *ffi^«©»»»««fc 0 < -r S C 4 K <fc 

[0 0 3 6 ] ifc, Am*^jgSS©iPI©th^4. MM I 
36Aaj^jfflKC«?fil8IB©Jt* 4 £^3. -2> C 4 &c<£ D . ± 

c 4 * tc e 

[0 03 7] _hfHMM I ©3TB©H$&W/93 , 

*>L/<«fflJr*©^*S*^itSCi«:j:r), ±»4PJ 

[01] ^^BJiC^^^^IPlSS©^©^*^^ 
0T*&.£. 

[0 2] MM I rt^iMi^i-ri.^^mlfclt 

[03] mm&ffiicttrz^j xs4ii*ja^©w^ 

[04 ] ^IfflBiei:* 2 x 2 *^iSiaK©*©**© 

[0 5] ammc j: * 2 x 1 3fe£#?ftiaig©*»©j&* 

[0 6] ##69iR: J: |2xi ^^0SS©fte©IUi© 
[0 7 ] 3fSBmc«fc£ 1 x 8 %^KBHKE>Hlk©^fll 

[0 s ] mmsmnctt? ^ xs4jifj}«*©M<* 

[0 9] *^|Bj(cJ;-S7fc^^05S©^©ffe©JISte©^ 

[010] ^*©#i=r^0s§©^#)&£^-r0T*& 



1 : 


MM I 


2 : 




2 a : 


: xftwm% 


2 b ; 


: Axmrnz 


3 : 




4 a ; 


: KM 


4 b 


: 


10 1 : 




10 2 ' 




1 0 3 


: ^ 9 5f FJg 


10 0 1 




10 0 2 




10 0 3 


: tte3fett»<D^9^ FJi 


9 0 4 


: 


9 0 5 


: t^^t^^^T 


9 0 6 


: >7i?F 



(6) 



tg (z) : (ftiz) 



t g i 
tgo 
W 1 
Wo 
Wg i 



MM I A#ffl'J<Dif§ 



* 



*Wgm : 
Wg o : 
Wg : 
Wg (z) 
d 1 -3 
d i 1-3 
d o 1-3 



#M¥ 10-90537 
10 

MM I *Pa«/h§|SOfi 

mm i mmwm 

MM I <D#I 
MM I CDtfS (figz ) 



[Hi 1 



im2] 



(b) 




103 
102 




1 : MM I 

2 : A2>a»*tt 

3 : fflJja&R 

101 : 

102 : 

103 : <?7 * KJi 



tg(z): 37]|«l2) 
tgi : 3 71 

tgo: 

w i : A2>%fti*0til 
Wo: HavgBoH 
Wg i: MM I ftA:fcffilG>« 
Wgo: MM I 3fcffl;*J<WS>M 
Wg(z):MMI^<oS((41 z) 

di1~3: AA*»ft0MH 
do1~3 :»*»»©■■ 




0.0 
0 




Li 



[H3] 




12 10 8 



0.5 " M 




2' *L_ 



[04] 



[H6 3 




1 



(7) 



f mW- 1 0-90 5 3 7 



[07] 



[08] 



m 8 



|21 7 




0 9 



905 906 



V , * 

904 



[09] 





30 20 

[010] 




(b) 




r 



(72)^1^ HA 

m^Sff?fESif?i=T@i9S2-^ B* 



o2mwm mo *mk 

3flj£flMEH*T?&HTSl9#2-^ B# 



